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(54)  Hydrocarbon  base  cementitious  drilling  fluid 

(57)  A  drilling  fluid  comprises  a  hydrocarbon  liquid 
with  particulate  hydraulic  cement  suspended  therein.  Af- 
ter  drilling,  the  drilling  fluid  can  be  converted  to  a  cemen- 

titious  composition  by  admixing  water  and  a  surfactant 
therewith,  and  can  then  set  to  a  hard  substantially  imper- 
meable  mass. 
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Description 

The  present  invention  relates  generally  to  a  hydro- 
carbon  base  drilling  fluid  and  its  use. 

A  variety  of  drilling  fluids  are  used  in  drilling  well  s 
bores  by  the  rotary  drilling  method.  The  most  commonly 
utilized  such  drilling  fluids  are  solids  containing  water 
base  gels.  However,  when  the  well  bores  to  be  drilled 
penetrate  water  sensitive  formations,  hydrocarbon  base 
drilling  fluids  are  utilized.  10 

After  a  well  bore  has  been  drilled,  with  drilling  fluid 
circulated  through  the  well  bore,  the  circulation  of  the 
drilling  fluid  is  stopped  and  the  well  is  usually  logged  after 
which  a  string  of  pipe,  e.g.  casing,  is  run  into  the  well 
bore.  The  drilling  fluid  is  cleaned  up  by  circulating  it  15 
downwardly  through  the  interior  of  the  pipe  and  upwardly 
through  the  annulus  between  the  exterior  of  the  pipe  and 
the  walls  of  the  well  bore  while  removing  drilling  solids 
and  gas  therefrom.  Primary  cementing  operations  are 
then  performed  in  the  well  bore,  i.e.  the  string  of  pipe  20 
disposed  in  the  well  bore  is  cemented  therein  by  placing 
a  cementing  composition  in  the  annulus  between  the 
pipe  and  the  walls  of  the  well  bore.  The  cementing  com- 
position  sets  into  a  hard  substantially  impermeable  mass 
whereby  the  pipe  is  bonded  to  the  walls  of  the  well  bore  25 
and  the  annulus  is  sealed.  When  the  cementing  compo- 
sition  is  run  down  the  pipe  and  into  the  annulus,  the  drill- 
ing  fluid  in  the  pipe  and  annulus  is  displaced  therefrom. 
The  used  drilling  fluid  is  generally  accumulated  in  a  pit 
or  tank  and  then  disposed  of.  30 

The  disposal  of  drilling  fluid  is  time  consuming  and 
expensive,  particularly  in  offshore  drilling  locations.  In  re- 
cent  years,  the  expense  has  increased  significantly  in 
that  drilling  fluid  often  must  be  disposed  of  as  a  fluid 
which  is  hazardous  to  the  environment.  Thus,  any  envi-  35 
ronmentally  safe  use  to  which  all  or  part  of  the  drilling 
fluid  can  be  put  at  a  well  site  is  highly  advantageous  in 
that  it  eliminates  the  need  for  subsequently  disposing  of 
all  or  part  of  the  drilling  fluid. 

We  have  now  devised  a  hydrocarbon  base  drilling  40 
fluid  which  can  be  more  readily  disposed  of  after  use  and 
can  be  put  to  another  use  within  the  well. 

The  present  invention  provides  a  hydrocarbon  base 
drilling  fluid  which  is  selectively  convertible  to  a  cemen- 
titious  composition  that  sets  into  a  hard  substantially  im-  45 
permeable  mass  by  admixing  water  and  a  surfactant 
therewith,  said  drilling  fluid  comprising  a  hydrocarbon  liq- 
uid;  and  particulate  hydraulic  cement  suspended  in  said 
hydrocarbon  liquid  in  an  amount  of  from  1  to  4.3  parts  by 
weight  of  cement  per  1  part  by  weight  of  hydrocarbon  so 
liquid.  The  present  invention  also  provides  a  method  of 
drilling  a  well  bore  utilizing  a  hydrocarbon  base  cemen- 
titious  drilling  fluid  of  this  invention  which  method  com- 
prises  the  steps  of: 

55 
(a)  drilling  the  well  bore  using  a  hydrocarbon  base 
drilling  fluid  of  the  invention; 
(b)  converting  the  drilling  fluid  into  a  cementitious 
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composition  which  sets  into  a  hard  substantially 
impermeable  mass  by  admixing  therewith  water  and 
a  surfactant  for  promoting  contact  between  said 
water  and  the  hydraulic  cement;  and 
(c)  placing  the  cementitious  composition  in  one  or 
more  desired  locations  whereby  it  sets  into  hard 
environmentally  safe  cementitious  masses  therein. 

In  the  hydrocarbon  base  cementitious  drilling  fluids 
of  this  invention,  the  hydrocarbon  liquid  is  preferably  a 
relatively  low  viscosity,  non-volatile  liquid. 

A  variety  of  relatively  low  viscosity  and  non-volatile 
hydrocarbon  liquids  can  be  utilized.  For  example,  the  hy- 
drocarbon  liquid  can  be  an  aliphatic  compound  such  as 
hexane,  heptane  or  octane,  an  aromatic  compound  such 
as  benzene,  toluene  or  xylene,  mixtures  of  aliphatic  and 
aromatic  compounds  such  as  kerosene,  diesel  oil,  min- 
eral  oil  and  lubricating  oil,  poly  -olefin  oils  and  ester  and 
ether  based  oils.  Generally,  a  hydrocarbon  liquid  select- 
ed  from  kerosene,  diesel  oil,  mineral  oil  and  lubricating 
oil  is  preferred,  with  diesel  oil  being  the  most  preferred. 

Various  hydraulic  cementitious  materials  can  be  uti- 
lized  in  the  drilling  fluids  such  as  Portland  cement,  high 
alumina  cement,  Portland  cement  and  slag,  slag  activat- 
ed  with  a  suitable  alkali  activator,  e.g.  soda  ash  and/or 
caustic,  fly  ash  of  the  ASTM  Class  F  type  with  lime,  fly 
ash  of  the  ASTM  Class  C  type,  condensed  silica  fume 
with  lime,  gypsum  cement  (calcium  sulfate  hemihydrate) 
and  mixtures  of  such  cementitious  materials.  Of  these, 
Portland  cement  and  mixtures  of  Portland  cement  and 
slag  are  preferred  with  Portland  cement  being  the  most 
preferred. 

While  particulate  hydraulic  cements  having  various 
particle  sizes  can  be  utilized  in  accordance  with  this  in- 
vention,  fine  particle  size  Portland  cement  is  generally 
preferred,  e.g.,  Portland  cement  having  particles  of  di- 
ameters  no  greater  than  about  30  microns  and  having  a 
Blaine  Fineness  no  less  than  about  6000  scuare  centim- 
eters  per  gram.  Fine  particle  size  Portland  cement  is  dis- 
closed  in  U.S.  Patent  No.  4,160,674  issued  on  July  10, 
1979  to  Sawyer.  Methods  of  utilizing  such  fine  particle 
size  Portland  cement  in  well  cementing  are  described  in 
U.S.  Patent  No.  5,086,850  entitled  "Squeeze  Cement- 
ing"  issued  on  July  16,  1992  and  U.S.  Patent  No. 
5,125,455  entitled  "Primary  Cementing"  issued  on  June 
30,  1992,  which  patents  are  incorporated  herein  by  ref- 
erence  thereto. 

The  fine  particle  size  Portland  cement  used  in  ac- 
cordance  with  this  invention  is  preferably  made  up  of  par- 
ticles  having  diameters  no  larger  than  about  30  microns, 
more  preferably  no  larger  than  about  17  microns  and  still 
more  preferably  no  larger  than  about  11  microns.  The 
distribution  of  various  sized  particles  within  the  cemen- 
titious  materials  is  preferably  such  that  90%  of  the  parti- 
cles  have  a  diameter  no  greater  than  about  25  microns, 
more  preferably  about  10  microns  and  still  more  prefer- 
ably  about  7  microns,  50%  of  the  particles  have  a  diam- 
eter  no  greater  than  about  10  microns,  more  preferably 
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about  6  microns  and  still  more  preferably  about  4  mi- 
crons,  and  20%  of  the  particles  have  a  diameter  no  great- 
er  than  about  5  microns,  more  preferably  about  3  mi- 
crons  and  still  more  preferably  about  2  microns.  The 
Elaine  Fineness  of  the  particles  is  preferably  no  less  than 
about  6000  scuare  centimeters  per  gram.  More  prefera- 
bly,  the  Elaine  Fineness  is  no  less  than  about  7000,  still 
more  preferably  about  10,000  and  most  preferably  no 
less  than  about  13,000  scuare  centimeters  per  gram. 

As  will  be  understood  by  those  skilled  in  the  art,  the 
drilling  fluids  of  this  invention  can  optionally  contain  var- 
ious  known  additives  in  admixture  therewith  including  flu- 
id  loss  control  additives,  viscosifiers,  dispersants,  sur- 
factants  and  weighting  materials.  Appropriate  additives 
are  utilized  to  provide  a  drilling  fluid  with  the  required 
properties  for  the  particular  well  bore  to  be  drilled  includ- 
ing  fluid  loss  control  properties,  density,  solid  suspension 
properties,  etc.  The  hydrocarbon  base  drilling  fluids  of 
this  invention  can  have  densities  up  to  about  15  pounds 
per  gallon  and  yield  points  in  the  range  of  from  about  5 
to  about  80  foot-pounds  per  100  square  feet. 

The  hydrocarbon  base  drilling  fluids  of  this  invention 
can  be  selectively  converted  to  cementitious  composi- 
tions  which  set  into  hard  substantially  impermeable 
masses  by  admixing  therewith  water  and  a  surfactant 
which  promotes  contact  between  the  water  and  the  par- 
ticulate  hydraulic  cement  in  the  drilling  fluid.  Prior  to  be- 
ing  converted  to  a  cementitious  composition,  the  partic- 
ulate  hydraulic  cement  in  the  drilling  fluid  is  coated  with 
hydrocarbon  liquid,  and  as  a  result,  the  drilling  fluid  can 
tolerate  the  low  levels  of  water  contamination  experi- 
enced  during  drilling.  When  converted,  the  surfactant  ad- 
mixed  with  the  drilling  fluid  along  with  water  strips  the 
hydrocarbon  coating  from  the  cement  particles  which  al- 
lows  the  cement  particles  to  chemically  react  with  the  wa- 
ter  and  undergo  hydration.  As  will  be  understood,  addi- 
tional  additives  can  be  added  to  the  drilling  fluid  when  it 
is  converted  to  impart  desired  properties  to  the  resulting 
cementitious  composition.  Examples  of  such  additives 
are  set  delaying  additives,  additives  to  prevent  compres- 
sive  strength  retrogression  and  the  like. 

Particularly  suitable  surface  active  agents  for  use  in 
accordance  with  this  invention  are  aromatic  sulfonic  ac- 
ids  and  salts.  Preferably,  the  surface  active  agent  is  se- 
lected  from  the  group  consisting  of  an  aromatic  sulfonic 
acid  having  the  formula 

S  OH 

wherein  R1  is  a  linear  alkyl  group  having  12  carbon  at- 
oms  or  a  linear  alkyl  group  having  from  16  to  24  carbon 
atoms,  an  aromatic  sulfonic  acid  having  the  formula 

S  —  OH  —OH 

10 
wherein  R2  and  R3  are  linear  alkyl  groups  having  12  car- 
bon  atoms,  and  the  alkali  and  alkaline  earth  metal  salts 
of  the  foregoing  acids.  The  most  preferred  surface  active 
agents  of  the  type  described  above  for  use  in  accordance 

is  with  this  invention  are  one  or  more  selected  from  the 
group  consisting  of  dodecylbenzene  sulfonic  acid  and 
the  alkali  metal  salts  thereof. 

As  mentioned  above,  when  it  is  desired  to  convert  a 
hydrocarbon  base  drilling  fluid  of  this  invention  to  a  ce- 

20  mentitious  composition  which  sets  into  a  hard  substan- 
tially  impermeable  mass,  water  and  a  surfactant  of  the 
type  described  above  is  admixed  with  the  drilling  fluid. 
Generally,  the  water  is  admixed  with  drilling  fluid  in  an 
amount  in  the  range  of  from  about  20%  to  about  175% 

25  by  weight  of  particulate  hydraulic  cement  in  the  drilling 
fluid.  The  surface  active  agent  used  is  admixed  with  the 
drilling  fluid  in  an  amount  in  the  range  of  from  about  0.01  5 
gallon  to  about  0.03  gallon  of  surfactant  per  gallon  of  hy- 
drocarbon  liquid  in  the  drilling  fluid. 

30  For  ease  of  mixing,  the  surface  active  agent  can  be 
dissolved  in  a  low  molecular  weight  alcohol  such  as  an 
aliphatic  alcohol  having  in  the  range  of  from  1  to  about 
5  carbon  atoms.  Isopropanol  is  a  particularly  preferred 
such  alcohol,  and  the  aromatic  sulfonic  acid  or  sulfonate 

35  utilized  is  preferably  dissolved  in  the  alcohol  in  an 
amount  in  the  range  of  from  about  60  to  about  80  parts 
per  100  parts  by  volume  of  solution. 

The  methods  of  this  invention  for  drilling  a  well  bore 
utilizing  a  hydrocarbon  base  drilling  fluid  and  subse- 

40  quently  disposing  of  the  drilling  fluid  are  basically  com- 
prised  of  the  following  steps.  A  hydrocarbon  base  drilling 
fluid  comprised  of  a  relatively  low  viscosity  and  non-vol- 
atile  hydrocarbon  liquid  having  particulate  hydraulic  ce- 
ment  suspended  therein  is  formed.  The  hydraulic  ce- 

45  ment  is  included  in  the  drilling  fluid  in  an  amount  in  the 
range  of  from  about  1  part  by  weight  to  about  4.3  parts 
by  weight  of  cement  per  1  part  by  weight  of  hydrocarbon 
liquid. 

After  forming  the  drilling  fluid,  it  is  utilized  in  the  usual 
so  manner  for  drilling  a  well  bore.  Upon  completion  of  the 

well  bore,  the  drilling  fluid  is  converted  into  a  cementi- 
tious  composition  which  sets  into  a  hard  substantially  im- 
permeable  mass  by  admixing  therewith  water  and  a  sur- 
factant  of  the  type  described  above  for  promoting  contact 

55  between  the  water  and  the  hydraulic  cement  in  the  drill- 
ing  fluid.  The  resulting  cementitious  composition  is  dis- 
posed  of  by  placing  it  in  one  or  more  desired  locations 
whereby  it  sets  into  a  hard  environmentally  safe  cemen- 
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and  water  in  an  amount  of  from  20%  to  175%  by 
weight  of  the  hydraulic  cement  in  said  drilling  fluid. 

6.  A  composition  according  to  claim  5,  wherein  the  sur- 
5  factant  is  an  aromatic  sulfonic  acid  having  the  for- 

mula 

0 

10 

an  aromatic  sulfonic  acid  having  the  formula 

0 

20 

25  or  an  alkali  or  alkaline  earth  metal  salts  of  one  of  the 
foregoing  acids,  wherein  R-,  is  a  linear  alkyl  group 
having  12  carbon  atoms  or  a  linear  alkyl  group  hav- 
ing  from  16  to  24  carbon  atoms,  and  R2  and  R3  are 
linear  alkyl  groups  having  12  carbon  atoms. 

30 
7.  A  composition  according  to  claim  6,  wherein  the  sur- 

factant  is  dodecylbenzene  sulfonic  acid  or  an  alkali 
metal  salt  thereof. 

35  8.  A  composition  according  to  claim  5,  6  or  7,  wherein 
the  surfactant  is  mixed  with  the  drilling  fluid  in  an 
amount  of  from  0.015  to  0.03  volumes  of  surfactant 
per  volume  of  hydrocarbon  liquid  in  said  drilling  fluid. 

40  9.  A  composition  according  to  claim  5,  6,  7  or  8, 
wherein  the  surfactant  is  mixed  with  the  drilling  fluid 
in  the  form  of  an  alcohol  solution  containing  said  sur- 
factant,  said  alcohol  being  an  aliphatic  alcohol  hav- 
ing  from  1  to  5  carbon  atoms. 

45 

titious  mass  or  masses  therein. 
One  of  the  above  mentioned  locations  can  be  a  lo- 

cation  in  the  well  bore.  That  is,  a  part  of  the  converted 
cementitious  drilling  fluid  can  be  utilized  for  carrying  out 
well  bore  cementing  operations  such  as  primary  cement- 
ing.  The  remaining  drilling  fluid,  or  all  of  the  drilling  fluid 
if  a  portion  of  it  is  not  used  for  primary  cementing  or  other 
cementing  at  the  well  site  can  be  transported  to  a  location 
remote  from  the  well  site,  converted  to  a  cementitious 
composition,  and  placed  in  an  above-ground  or  be- 
low-ground  location  whereby  it  sets  into  a  hard  environ- 
mentally  safe  cementitious  mass  therein. 

When  the  drilling  fluid  is  converted,  the  mixing  of  the 
water  and  surface  active  agent  with  all  or  a  portion  of  the 
drilling  fluid  can  be  accomplished  by  installing  an  in-line 
mixing  device  in  the  drilling  fluid  line  downstream  of  the 
drilling  rig  solids  removal  equipment  and  upstream  of  the 
Kelly  hose.  As  the  drilling  fluid  is  circulated  through  the 
line,  the  in-line  mixing  device  is  utilized  for  injecting  the 
required  volumes  of  water  and  surface  active  agent  into 
the  drilling  fluid.  The  turbulence  imparted  by  the  in-line 
mixer  causes  the  water  and  surface  active  agent  to  be 
blended  with  the  drilling  fluid  and  enables  the  surface  ac- 
tive  agent  to  strip  the  hydrocarbon  liquid  coating  from  the 
cement  particles,  etc.  Alternatively,  a  pump  truck  having 
pumps  and  a  mixer  mounted  thereon  can  be  utilized  for 
admixing  the  water  and  surface  active  agent  with  the 
drilling  fluid  as  the  drilling  fluid  is  being  circulated. 

Claims 

1  .  A  hydrocarbon  base  drilling  fluid  which  is  selectively 
convertible  to  a  cementitious  composition  that  sets 
into  a  hard  substantially  impermeable  mass  by 
admixing  water  and  a  surfactant  therewith,  said  drill- 
ing  fluid  comprising  a  hydrocarbon  liquid;  and  par- 
ticulate  hydraulic  cement  suspended  in  said  hydro- 
carbon  liquid  in  an  amount  of  from  1  to  4.3  parts  by 
weight  of  cement  per  1  part  by  weight  of  hydrocar- 
bon  liquid. 

2.  A  drilling  fluid  according  to  claim  1,  wherein  the 
hydrocarbon  liquid  is  kerosene,  diesel  oil,  mineral 
oil,  lubricating  oil,  poly  -olefin  oil  or  ester  or  ether 
based  oils. 

3.  A  drilling  fluid  according  to  claim  1  or  2,  wherein  the 
hydraulic  cement  is  fine  particle  size  cement. 

4.  A  drilling  fluid  according  to  claim  1  ,  2  or  3,  wherein 
the  cement  is  a  fine  particle  size  portland  cement 
having  a  particle  size  no  greaterthan  30  microns  and 
a  Blaine  fineness  no  less  than  6000  square  centi- 
metres  per  gram. 

5.  A  cementitious  composition  which  comprises  a  drill- 
ing  fluid  as  claimed  in  claim  1  ,  2,  3  or  4,  a  surfactant 

10.  A  method  of  drilling  a  well  bore  utilizing  a  hydrocar- 
bon  base  drilling  fluid  and  subsequently  disposing 
of  the  drilling  fluid  which  method  comprises  the  steps 
of: 

(a)  drilling  the  well  bore  using  a  hydrocarbon 
base  drilling  fluid  as  claimed  in  any  of  claims  1 
to  4; 
(b)  converting  the  drilling  fluid  into  a  cementi- 

55  tious  composition  which  sets  into  a  hard  sub- 
stantially  impermeable  mass  by  admixing  there- 
with  water  and  a  surfactant  for  promoting  con- 
tact  between  said  water  and  the  hydraulic 

4 
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cement;  and 
(c)  placing  the  cementitious  composition  in  one 
or  more  desired  locations  whereby  it  sets  into 
hard  environmentally  safe  cementitious  masses 
therein.  s 
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